
ARL-TMS4" LEVV l!
CHARACTERISTMcSOF Tf, ARL:UT hOVIMGOURCEA

VERTICAL~ LINE ARRAY PROGAGATION hI(WL 4SROMI

Terry L Forenme

AA

APPRi.W60 FOR PUBLIC RVILIAE;

J~mpemwd for:

NAVAL OCEAN RESEARCH
ADDEVELOPMENT ACTIVITY

NT STTIN M S M2O

80 523 u4



UNCLASSIFIEDj

SECURITY CLASSIFICATION OF THIS PAGE (WP'er Date Entered)__________________

£REPORT DOCUMENTATrION PAGE NO.OR COMPLTtGTFORS

-tE FREOT &I PEIO COEE
4 .TTeryL. (ad orbitema T/1 '47-~

. PE R O R IN O R G A N Z A TIO Ne chM Ea A N . P O R m e m o rnT dP R u Cm T S

AD7S A1C 1 POKUNTNURS NUBEAple Research Labratri ARA -RA--..MOBR

9I. PERONRMLING ORGAICAIO NAME AND ADDRESS 10.sPROGRAM ELEENT PR- .TS

JNaval Ocean Research and Development Activity / arljo
NSTL Station, Mississippi 3952943 NSfPV -

14. MONITORING AGENCY N 4kME & ADORESS(iI different from Controlling Office) IS. 3 SECURITY CLASS. (of this repotui

UNCLASSIFIED

I5a. DECL ASSI FICATION.D'OWN GRADING
_ _ _ _ _ _ _ _ _ _ _ _ SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited. "/

r 17. DISTRIBUTION STATEME,'T (of the abatract entered in E'lock 20, if different from Report)

18. SLIPPi..EMCNTAftY NOTES

C*I

19. KEY WORDS (Continue on reverse sid,-¶ It necese.'tv ar'd identify by block nu.riber)

moving source beam spectrum
vertical line array normal mode
Doppler computer model

beam form_ _ _ _ _ _ _ __ _ _ _

* . ABSTRACT (Continue on reversCe side if necessary and Identify by block number)

This report describes a moving source vertical line array model based on normal]
mode theory. A stationary vertical line array consisting of omnidirectionalI ~ ~receiver elermeit~s is insonified by a point timxe harmonic source moving with
constant speed and direction. The acoustic field generated by the source is
computed using normal mode theory with Doppler corrections. The computer model
computes beam spectra and features array steering, ohadirig, and Doppler effects
such as line shifting and broadening.

DD IJIAll73 1473 EDITION OF I NOV 65 IS OBSOLETE UCASFE ~()/ •/4
SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered)



I

TABLE OF CONTENTS

I. Page

LIST OF FIGURES v

1 Introduction 1

2.0 Physical Basis of the Model 3

2.1 Environment 3

2.2 Sources s

2.3 Vertical Line Array Configuration S

3.0 Mathematical Description 7

3.]. Calculation of Doppler Corrected Time Series 7

3.2 Definition of Array Response 9

3.3 Calculation of Beam Spectra 9

4.0 Software Description 11

4.1 Time Series Generation 11

4.2 Beamforming 15

5 Examples 17

6 Testing 29

7 Conclusions 31

ACKNOWLEDGMENTS 33

REFERENCES 35

"t, -. r 4dor

Dist special



I

LIST OF FIGURES

•Title Pg
Figure Goer fDplrTtefi

1 Geometry of Doppler Corrected Vertical Line Array 4
Model

2Schematic Illustratir n of the Organization of the 12

Model OBERON

3 Flow Diagram of the Time Series Generator RANGDOP 13

4 Flow Diagram of the Beamformer BSPECR 16

5 Acoustic Environment of Vertical Line Array 18

6 Depth Variation of Acoustic Field Over Array 19
Aperture

7 Plane Wave Beam Pattern of Vertical Line Array 20

8 Beam Spectra as a Function of Source Track Range 22
from CPA

9 Broadside Beam Spectrum for Source Track 21.4 km 23
from CPA

10 Propagation Loss for Moving and Stationary Sources 24

11 Beam Spectra as a Function of Array Steering Angle 26

12 Beam Output for Moving and Stationary Sources 27

I-



In 1978 the RRL:UT acoustic vertical line array model was
dewloped under NORDA Code 529 sponsorship to aid in the analysis of
PAR (programmable acoustic recorder) data. That model computes the
responsot of a vertical line array to a stationary point cw sourci by
performing phase shift (time delay) beamforming on the element outputs
(Foremen, 1999). Acoustic fields at the elements are computed using
normal mode theory rather than ray theory in order to account for the
effects of bottom interaction and the curvature and inhomogeneity of
wave fronts over the array aperture.

In 1979 the Doppler corrected vertical line array model OBERON4
was developed in order tn extend vertical line array modeling
capability to include the effects of source motion. The model is based
on a normal mode theory of Doppler effects (Hawker, 1979) for a
horizontally stratified time independent medium and a source moving
with constant speed and direction along a nonradial path with respect
to a fixed receiver.

The computer programs which collectively form the OBERON package
calculate the pressure field produced by a moving source over an
extended period of time for each element in an array. The receiver
element responee3 are summed, according to the user's shading and
steering requirements, to produce the beamformed array response. A
Fourier transform is then applied to form a beam spectrum. The purpose
of the ODEROM program package is to compute and display beam spectra
of moving sources as the source traverses one or more tracks.

The decision to base OBERON on normal mode theory and to include
source motion effects, rather than resorting to more conventional ray
theory and stationary source array model ing methods, was based on
several considerations. Normal mode theory readily includes sediments
and substrate, while ray theory models must generally rely on less
accurate plane wave reflection coefficient representations of the
bottom. Moreover, normal mode theory can account for the differences
in Doppler brnadening which can occur across the aperture of a
moderate length vertical line array. Ray theory calculations tend to
be inaccurate near boundaries, yet receiver arrays are often moored
near the bottom. Finally, the response of an array over an extended
period to a moving source will be seen to be significantly different
from the response of an array to a stationary source because of range
averaging effects. For all of these reasons, OBERONl is suited to the
prediction of array behavior under experimental conditions and can be
used to simulate array responses in the absence of experimental data.



This report ummarizes the mathematicai description of OBERON and
describes the computer program which implement the model. Because
this report is intended for' general distribution, no attempx is made
here to descrlbe the use of the computer program.s which make up
OBERON, ror is a copy of the computer code included.
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2.0 ftsil AaLham giJt N
Figure I shows the coordinate system, geometry, and conventions

used in OBERON to specify array positions, array configurations,
steering angles, and sources. The environment in which OBERON operates
is alto illustrated. Each of the compunents in this figure is
described fully in the following sections.

2.1 frLvironMtnt

The sojrces and vertical line arrays are innersed in an ocean
overlying fluid sediment layers which in turn -veriie a (possibly)
solid substrate. All hydroacoustic and geoacoustic parameters of the
ocean and sediments are restricted to depth variations only; no range
dependence is permitted. The substrate is homogeneous.

The acoustic parameters treated in the model are density, p(z),
sound speed, c(z), attenuation, clz) and, in tne substrate only,
shear speed, c,, and shear alttenuation, aS

Density is constant throughout the water column and within each
of tVe sediment layers and the substrate, although density
discontinuities may exist at layer interfaces.

Sound speeds are permitted to vary arbitrarily as a function of
depth in the water column and sediment layers. Sound speed
discontinuities may occur at layer interfaces.

Depth variation of attenuation in the sediment layers, with
discontinuities at 4nterfaces, is also allowed, but the water itself
is treated as a lossless medium. This is consistent with the low
frequencies for which the model war design-d and could easily be
generalized.

The substrate is characterized by its density, sound speed,
attenuation, shear speed, and shear attenuation.

The coordinate system is chosen so that the surface of the ocean
coincides with the x-y plane and depth increases along the positive z
axis. The sea surface, the water-sediment interface, the interfaces
between sediment layers, and the sediment-substrate interface are all
smooth, planar, and parallel. In short, the entire environment is
horizontally stratified to ensure the applicability of ordinary normal
wde theory.

3
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OBOM computes the beam spectra resulting from point, time
harmonic, omnidirec-tonal sources movlng in straight lines at constant
depth z with constwtt speed v.

S

The projection of a source trajectory onto the surface of the
ocean defines the travel path. The acoustic field generated by the
source is sampled at equal time intervals At for a finite period T,
durlrg wich time the source travels a distance vT. The projection of
this line segment on the travel path defines the source track.

The poinrt or th• travel path nearest the origin of the coordinate
system is termed the closest point of approach (CPA) of the path. Note
that the aource track, which is e line segment, may or may not contain

CPA.

the source is epcriied by its anSular frequency w , speed,
depth, track length (or sample period), CPA, and range fror the center
al the track to CPA (r). The track range from CPA is a signed
quantity; It is negative if the source is approaching CPA and positive
if the source is receding.

Time is measured with respect to the moment that the source, at a
distance r from CPA and moving with speed v, would pass through CPA.
Thus, time Is also a signed quantity, being negative for a source
approaching CPA and positive for a receding source.

The vertical line array consists of one or more point,
omnidirectional receiver elements distributed along the positive z
axis. The array is specified by the depths of tie recewver elements.
Spacing between the elements is arbitrary and elements may be located
within the sediment.

f"1
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3.0 Mathematical ngscrintion

The final product of the beamforming programs of OBERON is a
power spectrum for each source track and steering angle, The
computatlons leading to these results can be divided into several
stages: (1) computation of tCe time dependent acoustic field at each
array element; (2) calculatian of the array response (beamforming) ateach time sample; and (3) production of the power spectrum by
application of a complex fast Fourier transform to the array response.

3.1 Calculation ojI•goJ;L21£ Corrected .m Serie

The derivation of the expression for the Doppler corrected time
series Is described in detail by Hawker (1979). The results are
summarized here.

The time dependent acoustic field in a lossless medium is given
by

1/2 -1i(wt+7/4)sn (r,t) (1)i(pt = ~(2-n) en

U (Z s) Un (z) ik Rf(8)
Sn(r,t) = i/ e " (

(k R)

f(0) =1 - v sin 6 + [i -+ ( - i 26] + .. (3)
n 1

n n n nn

i*Iere v1.G Is the group velocity of normail mode n, Un~(z) as the

elgenfunction c.)riesponding to the eigenvalue kn, R is the raii~e from
the source position on the track to the coordinate system origin at
time t, ard 6 is the track bearing angle (see Fig. 1). The principal
assuemptions made in the derivation are that (1) the environment is
horizontally stratified, (2) the source is moving in a straight linie
at constant speed, (3) K R >> 1, and (4) v/ VnG (< 1.

7
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The range invwriance constraint is imposed becauve the Doppler
corrected time series la mputation is based on ordinary normal mode

Assuming that a(z) <( w/c(z), the lose due to absorption is
accounted for to first order by adding a small perturbation term 16
to the elgenvalue, where

+

6n n + (5)

H. ci0(z) 2j 1 1 u (z)dz (6)
1k H

n Ti (7)

Os "s~s (8)

ihere Al is the depth of layer i (see Fig. 1), Ys and Yn are first
order shear and compressional perturbation factors, and 'I is the
number of sediment layers. Retaining only first order perturbatio,
term, Eq. (1) can be written to include absorption:

-6 R1/2 e-i~wt+w/4) SnC9
Y(z,t) = ipo(2w) 1 eS(r,t) e

Repeated evaluation of Eq. (9) at array element depth z at fixed
time intervals as the source moves along the track yields the complex
time series for that element.

The normal mode quantities un(z) and kn (Eqs. (2), (6), and
(9)) are obtained from the solutions to the depth separated wave
equation

2i•~ du (Z)
nuz 2 2S+ (k2(z)-'k) u (z) -0 .(10)

dz 2 n

I



A description of the normal mode solution, wnd the calculation of
uG"# Ye" and Y is given by Gonzalez (19W0).

nn

L1. hi~nlkani a rf anna

The response of the vertical line array at time t is the sum of
each of the array element responses at time t weighted by their
respective shading and steering coefficients:

R(*,t) = m s w (*) T(zMt)

where is the steering elevation/depression angle, sa are real
amplitude shading coefficients, and the w are complex steering
coefficients.

The amplitude shading coefficients sm are assumec: to be equal
unless the user supplies other values in an attempt to reduce
sidelobes. In any event, the coefficients are rescaled if necessary so
that their sum is unity.

The plane waey steering coefficients w are given by UrLick(1967), m

-ik(z m-Z )sin * (12)
W =e e n

(13)

where k = 2wf/c

3.3 Calculation 2f &W QCitn

If the array response is calculated as shown in the preceding
section for each of N time saffples at constant time intervals At, the
result is an array response time series. The array response time
sw.ies thus formed may then be transformed using a standard complex
fast Fourier transform (FFT) routine (Brigham, 1974). The bandwidth of
the resulting spectrum is l/At and the frequency resolution is
ldiAt.

i9



The sidelobae appeartr; in the array response spectrum may be
supprsard In ODERON by the optional application of a Henning complex

digital filter (tigham, 1974) at the cost of reduced frequency

res out ion.
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4. LSoftware DescriU i

OBERON is a collection of computer programs that perform the
three step process, described in Sec. 3.0, under control of the ARL:UT
model operating system (Payne, 1980). These programs communicate
through disk files. There are five main programs in the OBERON
package: NEMESIS, R51NGDOP, DOPFMT, BSPEC, and DOPPLT. The roles of
these programs are discussed in the following sections. The
organization of the program package is illustrated in Fig. 2.

The modular structure of OBE]RO promotes flexibility of
application for the user and simplifies modification of the model. For
example the time series generator, RANGDOP, could be replaced with
another program which computes the field differently, or a measured or
computed ambient noise field could be added to the cw source generated
field without altering the OBERON package.

41Tm Set iq, Generation

Before a time series can be generated the I4RL:UT normal mode
model NEMESIS is run with a user supplied hydroacoistic and
geoacoustlc description of the environnent and the source frequency.
It produces a computer disk file containing kn, .un(z), VG Y,
and Yn for each normal mode n. Gonzalez (1980) describes this model.

RANtGDOP is then run to compute the complex time dependent
acoustic field N'(z,t). Figure 3 is a flow diagram of the procedure.

The program reads the disk file produced by NDEESIS and the user
supplied values of attenuation, source speed, source depth, range to
cPA, array element depths, number of points to calculate in the time

series (M), the rangk! of the center of the track from CPA (r), and the
sample rate. Using Eq. (9) the field is computed from time tc - Mt•t/Z
to tc + Il~t/2 at /•t intervals for each source, array element,and

track, where tc a r/v. The results are written on a disk file.

Computing the time series can be expensive because of the large
number of calculations involved. Three measures were taken to reduce

the number of calculations. The first of these was the substitution of
a wry rapid table lookup and linear interpolation procedure for the
standard FOR• sine and cosine routines.

The second was the inclusion in RCIGDOP of a discrimination
process for identifying terms in Eq. (1) which would make
iIsignnilcant contributions to the field and deleting] such terms from .
the summation of Eq. (1). A term S (r,t) can be neglected if and only

1I

S1J



SOUSSRCEQRENCEIEYDPH

TIMEOUTI - COAPLEXl:L

VELOCIT PEOCTIENTA

C.~~O ARRYAONIGRAIO

A.PE SHADNGCOE FFICE NTS
RANGDO STMPEERIGANGES UATO
BEAUFRREE FILER EVRDPH

TIEE IESG UNRTRE 2OURCETRACK
SCHEATICILLSTRAIONOF TE ORANIATIO OFTTENUMTONES BRN *

COMLE



READ NRME8ISDISK PILE
knD* Y.Y

READ ATTENIJATION
INPUT

A TTEM UAT IONS

RtEAD $OUNCE
-4 INFORMATION,

READ 
NEVESISDISK PILO

COMPUTE RAG. EEVN
INDEPENDENT QUANTITIES

READ I, I.. , ds

OUTPUT

PRINT OIiK

MORI
YES DATA

SOURCES

YES ATTE;:AI;;:N$

FLOW DIAGRAM OF THE TIME SERIES GENERATOR RANGDCP

ARL;UT
13 S4064312,

J~ ~ ~ 13I*



if its magnitude does not exceed a small positive fractirin e of the
magnitude of the term having the greatest magnitude for a given range
RI that is

ISn(rt)Il r ISM (r,t)Is. (14)

where ISm(r,t)l -max 1S (r,t)l (15)

Substituting thy expreslion fcr Sn(r,t) Eq. 2), the test for term
omission is written

-R6 -R6
A e n A e m (16)

n m

u (z z

where AS nf1 l (17)
kI/

n

This form of the test requires that an exponential be calirulated at
each range. By taking logarithms the test is cast in a form which
requires only arithmetic calculations at each range:

a R6 < T(R) + tne (18)an n-

T(R) = a - R6 , cLLU (19)M n

a = Xn A .(20)
n n

The last efficiency improvement was the development of a time
series reformatting program DOPFMT. This program reformats the time
series produced by R:PGDOP into a form accessible to the beamformers.

SWith this program a tii.ie series several hours long can be split into
separate source tracks of user-specifed duration, each with a

i,• uler-cpacified time delay between the start of successive tracks.

DOPrTM can, if requested, produce disk files of time series generated
by overlapping tource tracks, uet no redundant time series
calculations are performed. Time series trom overla.pin source tracks
are cften supplied as input to the beamformers. DOPFMT can also be
used to extract a time series for a track if user-specified length and
position from the original, possibly very long series generated by
RANGDXP.

14



4-2 Bhmformjn

There are two beamforming program in OBERON, BSPECR and DSPECA.
bth perform identical computations and differ only in the form of
output produced. The programs produce one spectrum for each array
steering angle and source track, and create output disk files suitable
for display or further processtng.

The programs require user input specifying the shading
coefficients, steering angles, filter requirements, and array element
depths. The required time series are read from the disk file produced
by DOP7 M I

BP•5CR produces spectra for one wrray steering angle and a series
of source ranges from CPA, that is, beam spectra at specified ranges.
A flow diagram of the procedure appears in Fig. 4. The output can be
displayed using DOPPLT as a three dimensional plot showing intensity
level (dB) versus frequency and source range. Alternatively, the total
power in the spectrum can be computed at esch range to form a moving
source "propagation loss" curve (see examples).

96PECA computes the sp'ectra at a single source range and a series
of steering angies. The results can be exhibited as a three
dimensional plot showing intensity versus frequency and steering
angle. Plotting the total power in the spectrum as a function of
grazing angle yields a moving source beam output curve.

15



DATA EXHAUSTED

FOR ECH INUT 0To, POSTPROCESSOR

FOR EACH

RANGE

COMPUTE ARRAY RESPONSE
IN TIME DOMAIN

FREQUENCY DOMAIN

[ DIGITAL FILTER

l IL[ WRITE OUTPUT ON
MASS STORAGE

FIGURE 4
FLOW DIAGRAM OF THE BEAMFORMER BSPECR

ARL.UT
AS-80-684
TLF -GA

16 2 5 - .80



Typizal applications of the OBERONI programs are illustrated in
the following examples. When appropriate, results from OBERON are
compared and contrasted with results from ray theory and with results
from the stationary source vertical line array model.

The sound speed profile of Fig. 5 is a typical deep ocean
profile. The depth of the water colunri is 4863 m. The underlying 2W0 m
sediment is a silty clay having a surficial sound speed of 1523.9
Wsec, a SoUnd speed gradient of 1/sec, a density of 1.42 9/cc and an
attenuation of 8.1 dB/m/kHz. The substrate has a sound speed of 5088
wseo, a density of 2.6 9/cc,and an attenuation of 0.03 dH/m/kHz. All
of the examples presented in this section were obtained with this
acoustic environment.

Normal modes and eigenvalues were computed for the acoustic
environment of Fig. 5 and a source frequency of 25 Hz using NEMESIS.
All stationary and moving source wave theory calculations described
below are based on these results.

Figure 6 shows acoustic field intensity versus depth in a relion
near the ocean bottom where a vertical line array ig deployed. The
field was computed assuming a stationary source 100 m below the
surface at a range of 23.621 km (the choice of range will be explained
later). The field is seen to vary rapidly over the array aperture.

The vertical line array consists of seven uniformly spaced
receiver elements. The element spacing of 15 m corresponds to
one-quarter wavelength at 25 Hz and a nominal sound speed of 15
m/sec. The array is positioned with the deepest receiver element at a
depth of 4710 m, or 173 m from the bottom.

The 25 Hz plane wave beam pattern for the array, steered
broaside, is displayed in Fig. 7. The main lobe has a 3 dB beamwidth
of 30 deg and the peak intensities of the sidelobes are 13 dB below
the peak intensity of the main lobe. The beamwidth is narrow enough
and the uidelobe suppression sufficient for the array to distinguish
between groups of eigenrays with different path histories as the array
is steered vertically between -45 deg and 45 deg.

Rt this point the array position and configuration has been
established, the acoustic environment specified, and the normal modes
and eigenvalues for that environment computed assuming a 25 Hz source.
ihere remains the specification of the source to satisfy the ioput
requirements of the time series generator, Rt4NGDOP.

17
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The source selected travels at 10 m/sec at a depth of 166 m. Its
closest point of approach to the array is 10 km. Source tracks are
12.M75 km in length. The cofrjlex field generated as the source
traverses a track is sampled 512 times at 2.5 sec intervals. Track
centers are spaced 2.5 km apart, starting 6.4 km from CPA and ranging
up to 106.4 km. The tracks overlap.

The next step in the production of beam spectra is the generation
of time series for each track and receiver element, using R and
DOPFMT.

Figure 8 shows output from the beamformer BSPECR. Each line of
the plot represents the array response spectrum for a different source
track. The baseline of each spectrum represents a 120 dB floor (re 0
dB at 1 m) below which the response is ignored. Baselines are
positioned on the plot so that the range from CPH of the track giving
rise to a given spectrum can be read directly. Signal strength is
indicated by height above a baseline; the scale is given by the axis
to the right of the plot. It should be noted that the presrures
computed by I OIGDP are scaled in the beamformers by 1/4 in order that
the beam output levels not depend on N (the number of sanples) and so
that the levels will be consistent with stationary source propagation
loss predict'ons.

One can follow the progress of the source by observing the
migration and evolution of the line structure as the source recedes
from the array. Doppler shifted signal frequencies decrease
monotonically, approaching asymptotically the limit of the radial
travel path. Signal strength decays, primarily due to geometrical
spreading (bottom reflection losses are smail, typically ranging from
I to 4 dB per bottom bounce). Direct and bottom refracted paths show
the greatest signal strength and undergo the largest Doppler shift;
paths which reflect from the substrate show smaller Doppler shifts and
are attenuated while passing through the mediment. As the source
recedes, the frequency separation between direct and reflected paths
increases.

The beam spectrum for the track 21.4 km from CPA and 23.621 km
from the array is plotted in Fig. 9. Ray theory predictions of Doppler
shifts for direct, refracted, and reflected paths are indicated. The
agreement is close except when bottom image interference effects are
important.

A moving source "propagation loss" curve can be obtained from the
series of spectra shown in Fig. 8 by computing the total energy in
each spectrum and plotting the result as propagation loss versus track
range from the array. Such a curve is compared in Fig. 10 with a
conventional propagation loss curve for a stationary source at the
saw series of ranges. Because the moving source changes position
while the time series is collected the moving source propagation loss
curve is range averaged and, hence, smoother than the stationary

21
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source curve.

Figure 11 shows beam spectra as a function of array steering
angle for a track 21.4 km from CPA and 23.621 km from the array. When
the total energy of these spectra is plotted as moving source 'beam
output" versus array steering angle another manifestation of range
averaging appears. Figure 12 shows beam output for the moving source
and for three stationary sources positioned at the center and both
ends of the track. Each stationary source beam output curve contains a
null. The nulls occur at different array steering angles for each
different source position. No such structure is discernible in the
moving source beam output curve because the arrival structure varies
during the source transition of the track.

t
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The normal mode model, N.IfSIS, was exhaustively examined and
tested during its development (Gonzalz, 1960).

The time series generator, MINGDXO, has been checked ir. several
ways. The correctness of the attrnuation calculations is indicated by
comparisons Ltith an independently developed bottom loss model, as
discussed by Tindle (1979). The tih: series calculations wer! tested
by coquting the field for a very slow movinS source (1 Q ec), as
well as by checks of internal cunsistency and parametric dependence of
the output. Comparisons of the field at selected ranges with the field
produced by a stationary source at the sam* ranges showed agreement..
lnalptic calculations of the Doppler shif at long ranges agreed with
predictions produced by ODERON. Ray theoy predictions of Doppler
broadening also 4reed with those of OBEROI, within the limitations of
ray theory.

iving the 1 mm/sec source calculations, the output from the
beamforming programs was compared with the output from the stationary
source vertical line array model VLAM (Foreman, 1986). Computatione of
power at selected ranges showed agreement with a normal mode
propagation loss model.
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7Cnclusions

A moving source vertical line array propagation model (OBERON4)
based an a normal mode comp~utation of the acoustic field has been
designed, programmned, tested, and made available for use. The model
provides the capability f or comp~uting vertical line array responses
whAich include the effects of source motion and layer boundaries.
Possibilities for future extensions include adding measured (synoptic
or archival) or modeled ambient noise to obtain a hybrid "model" of
array response.
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